INTRODUCTION
While human trust in robots may ultimately be based on factors such as familiarity (Broadbent et al., 2010) , anthropomorphism Epley, Waytz, & Cacioppo, 2007; , performance, process and purpose (Lee & See, 2004) , and robot behavior (Goetz, Kiesler, & Powers, 2003) , the foundation of trust in human-robot interaction (HRI) begins in the same way as all human judgments begin: with our attributions and schemas. Previous research into human-robot trust has focused on robot behavior and mannerisms (Goetz et al., 2003) , facial features (Lum et al., 2007; Zhang et al., 2010) and affordances associated with method of movement and number of limbs . To date, research into the potential impact of fundamental design attributes, such as material and color, on human-robot trust has been limited. This work addresses how a human's perception of fundamental, basic design features (i.e., the robot's physical appearance) may influence their attribution of anthropomorphic characteristics to the robot.
Attribution theory states that people attempt to make sense of their own and others' behavior, either by assigning the cause to internal characteristics within the person or to external characteristics, such as situational factors (Heider, 1958) . Humans tend to prefer internal attributions to external, seeing these qualities as inherent in the agent, and internal characteristics are particularly influential when the agent is non-human (McArthur, 1976 ), compared to consensual information when the agent is human. This indicates that people will look to the robot itself for clues as to its expected behavior and inherent properties rather than to other humans for more information regarding the robot. Design features that convey a feeling of security and elicit positive emotional responses will imply the robot itself has qualities that promote trustfulness.
There is evidence that the same schemas humans apply to other humans, such as the attractiveness stereotype, are applied to robots as well. More attractive individuals are viewed as having better social skills and the social skill measures of less attractive people have been improved by altering their appearance, which indicates that humans have expectations of skills based on outward appearances (Guise, Barrie, Pollans, Cynthia, & Turkat, 1982) . Similarly, humans prefer robots that appear more anthropomorphic for social tasks and more mechanical for tasks that are less socially oriented (Goetz et al., 2003) , and evaluate robot performance and usability based on their perception of the robots' attributions rather than actual performance measures (Ellis et al., 2005) .
Human perception dictates human behavior, even when there is contrary evidence as to what should be believed. When there is conflict between what is known and what is perceived, human perception will carry more weight in the ultimate decision regarding how to resolve the conflict (Loewenstein, Weber, Hsee, & Welch, 2001) .
'What is life?' (Schrodinger, 1944 ) is a question humans struggle with daily when making decisions with ethical or moral implications, and research shows we also deal with this issue when interacting with robots. Humans treat other objects differently based upon perceived animacy, and some languages even structure their sentences differently based upon the subjects' animacy. A robot's animacy is strongly correlated with its perceived intelligence (Bartneck, Kanda, Mubin, & Al Mahmud, 2009 ). Clearly, design features contain perceptual influences that ultimately carry through to the final product. By identifying what these influences are, and incorporating those into the design at the most basic level, one can address higher-level issues with perceived capability and trust in the robots' performance.
Current Study
This study identified attributions involved in initial perception by investigating very basic physical characteristics and attributes of robot design. Experiment 1 investigated correlations between design features such as color, texture, and material, and the perception of the robot's internal characteristics (i.e. intelligence, friendliness, robustness, reliability, personality and integrity), as well as its appropriate uses and tasks. The findings from experiment 1 were then used to create robot images containing design features that evoked competing attributions, for example, matching a color rated high in friendliness with a material rated low in friendliness. Experiment 2 used these images to determine which feature would prevail in the formation of attributions regarding the robot's internal characteristics, when presented with opposing characteristics in a robot body.
EXPERIMENT 1

METHOD
Participants
Experiment 1 was conducted at a large university during the Spring 2012 semester. Participants were drawn from the undergraduate student population, and class credit was awarded for participation. Participants were 181 students between 18 and 50 years old (M age = 20.34 yrs.), 66 male and 115 female
Materials
Demographics. Participants were asked their gender, age, level of education, comfort with computers and Internet usage levels.
Robot Images. Images of three robots were created using a CAD program, and then manipulated in order to vary in color, material, and texture. Robot bodies had no advanced features, such as arms or tools, no identifying information, nor any styling that could lend itself to anthropomorphism. In experiment 1, the robot images were presented in three manipulations (IV's), each with three levels: Color (Blue, Red and Grey), Material (Metal, Plastic and Wood), and Texture 
Experiment design
This study was a 3 x 3 between-subjects design.
Procedure
Participants signed up for the study through the university's online study management system. They were then directed to a Qualtrics survey, where they filled out a short demographics questionnaire, followed by the study.
Participants viewed each robot image twice, evaluating each image on two of the possible nine IV manipulations. No single IV manipulation was repeated for any participant. Each time an image of a robot was shown, the participant rated it on several personality attributes, then made several decisions regarding the robot.
The robot's internal traits (approachability, aggressiveness, integrity, competence, gender, playfulness, independence, and professionalism), as well as several traits that would be used to describe its function as a tool (industrialism, robustness, and practicality), were rated using Likert scales. Then the participants were asked a series of questions used to validate the effectiveness of the experimental manipulations (what material the robot was made of, what texture it was and what temperature it would feel like).
RESULTS
A between-subjects ANCOVA was used to investigate the relationships between color, material and texture, and the attributions of internal characteristics and functional qualities, after accounting for the effect of the covariate, robot body style.
Validation of manipulations. In order to ensure the material and texture manipulations were viewed as intended, participants were asked to identify the material (plastic, wood, metal, cloth, or paper) and texture (smooth, slippery, rough, or fuzzy) of the robot body, as well as the perceived temperature ("If you were to touch the robot, how would it feel?"). The temperature perceived measure was expected to support findings of the material manipulation in this manner: Metal would feel cold-cool; Plastic would feel cool-no temp; Wood would have no noticeable temperature. It was expected that no material would be viewed as feeling warm or hot to the touch. Chi-squared analysis verified that each manipulation was successful, in that stimuli were being perceived as intended; Material, 
EXPERIMENT 2
METHOD Participants
Experiment 2 was conducted at a large university during the Spring 2013 semester. Participants were drawn from the undergraduate student population, and class credit was awarded for participation. Participants were 97 students between 18 and 52 years old (M age = 20.64 yrs.), 44 male and 53 female.
Materials
Robot Images. In experiment 2, manipulations that were found to be significant, but relationally opposed, in experiment 1 were presented in four combinations: Blue (casual) -Metal (professional); Blue (feminine) -Slippery (masculine); Blue (casual) -Smooth (professional); and Rough (impractical, outdoors) -Metal (practical, indoors). The Rough -Metal combination was presented in Grey, which was not found to be significant for practicality or robustness. See Figure 5 . 
Experiment design
This study was a 3 (Robot Body) x 4 (Feature Combination) between-subjects design.
Procedure
Experiment 2 followed the same paradigm as study 1, except participants viewed each of the four manipulations once, each on one of the different robot body images. Each participant would randomly view one of the robot images twice in order to see all four manipulations.
RESULTS
A between-subjects ANCOVA was used to investigate the relationship between combinations of color, material, and texture, and the attributions of internal characteristics and functional qualities, after accounting for the effect of the covariate, robot body style.
Blue-Metal. The Blue-Metal combination examined whether color or material would prevail in attributions regarding Professionalism, and were not found to be statistically significant, F(1, 95) = .090, p = .765, η 2 = .001. Mean score for the Blue-Metal combination (M = 4.32, SD = 1.76) showed that, when compared to the Study 1 evaluation for Professionalism (Blue, M = 4.00, SD = 1.83, and Metal, M = 5.27, SD = 1.72), participants rated the combination overall as casual, but more professional than when presented with the single manipulation Blue (Figure 6 ). Blue-Slippery. The Blue-Slippery combination examined whether color or texture would prevail in attributions regarding Gender, and were not found to be statistically significant, F(1, 95) = .270, p = .604, η 2 = .003. Mean score for the Blue-Slippery combination (M = 5.13, SD = 1.56) showed that, when compared to the Study 1 evaluation for Gender (Blue, M = 4.87, SD = 1.91, and Slippery, M = 5.92, SD = 1.73), participants rated the combination overall as feminine, but more masculine than when presented with the single manipulation Blue (Figure 7 ). The Rough-Metal combination also examined whether texture or material would prevail in attributions regarding Robustness (Outdoors vs. Indoors), and were not found to be statistically significant. F(1, 95) = .702, p = .404, η 2 = .007. Mean score for the Rough-Metal combination (M = 5.00, SD = 2.12) showed that, when compared to the Study 1 evaluation for Robustness (Rough, M = 5.36, SD = 2.12, and Metal, M = 4.61, SD = 1.72), participants rated the combination overall as suitable for outdoor use, but less robust than when presented with the single manipulation Rough texture (Figure 10 ). 
DISCUSSION
Robots with few anthropomorphic features are evaluated as non-human agents, and as such, attributions are based on fundamental characteristics such as shape, color and texture (McArthur, 1976) . In Experiment 1, we were able to change the attributions participants made about each robot image by manipulating features. A robot that was perceived as more professional when viewed in grey (with no discernible material or texture) would be considered more casual when presented as made of wood, or with a rough texture (even when the color was still grey). Manipulating features such as color, material, and texture does affect what internal characteristics humans assign to robots, including their perceived suitability for certain tasks and environments.
In Experiment 2, competing combinations of features were examined, with the expectation that certain features would hold more influence in the formation of attributions than others.
Instead, we found that the competing combinations led to ambiguous attributions, with the final attribution being somewhere between the attributions made when presented with single manipulations. This implies that when presented with conflicting same-level information, humans look for more information to base their attributions on, rather than preferring one feature to another. A logical next step in this line of study would be to explore the role of contextual information in resolving the ambiguous attributions.
These correlations have implications for robot design, and will lead to the creation of design heuristics and guidelines that can address any identified human biases occurring based on robot appearance alone. Future directions for this line of investigation should include the role higher-level design features, such as appendages, tools, etc. have in influencing human attributions about robots.
